C olon cancer represents one of the most common causes of cancer and cancer-related death in the united states and Western countries. 1 following surgical treatment, the presence of lymph node metastasis has been associated with a poor prognosis, as has inadequate lymph node retrieval.
2-5 however, the use of adjuvant chemotherapy, particularly oxaliplatin, has been 1 demonstrated to provide a significant survival benefit for patients with lymph node disease. [6] [7] [8] although the benefits of adjuvant chemotherapy have been well described, a notable group of patients with node-positive disease often do not receive adjuvant chemotherapy. 9 in particular, there is a paucity of outcome data concerning the proportion of patients with t1 node-positive disease. although these patients represent a smaller proportion of patients who have node-positive colon cancer, compared with patients who have t2, t3, or t4 disease, approximately 3% to 17% of patients with a surgically staged t1 tumor will be found to be node positive. 10, 11 it is noteworthy that, in the seminal clinical trial establishing the benefit of the modern chemotherapeutic regimen for stage iii disease with oxaliplatin, patients with t1 disease were not included. 6 thus, the purpose of this study was to examine the use and effect of chemotherapy in patients with pathologic t1 colon cancer with lymph node involvement by the use of a large national cancer database.
METHODS
Patients and Data Source this study used the national Cancer Database (nCDB), which is a cooperative data set between the Commission on Cancer, the american Cancer society, and the american College of surgeons that collects cancer data from more than 1500 cancer centers in the united states and Puerto Rico. the database collects information on approximately 70% of all newly diagnosed cancer cases. our analysis used the nCDB 1998 to 2011 Participant use file for colon and rectal cancer.
We identified all patients in the Participant use file with colon cancer and histologic diagnosis of adenocarcinoma (International Classification of Diseases for Oncology, 3rd edition histology codes of 8140, 8210, 8211, 8261, 8262, 8263, 8480, and 8481). Patients with previous malignancies and positive surgical margins were excluded. all patients undergoing major surgical resection and having a pathologic tumor stage of t1 were identified and then classified as node negative (t1n0) or node positive (t1n+). of the patients with t1n+ disease, further stratification was done based on whether or not the patient received adjuvant chemotherapy. only patients with a cancer location of the cecum, right colon, hepatic flexure, transverse colon, splenic flexure, descending colon, or sigmoid colon were included to eliminate any lesions that had potential small-bowel or rectal involvement. Because survival data were only available for cases from 1998 to 2006, only cases from these years were included for patient and survival analysis. however, all patients from 1998 to 2011 were included when estimating the use of adjuvant therapy and trends over time. Because our primary variable of interest was the use of adjuvant chemotherapy, all patients who died within 30 days of their operation were excluded from all analyses to avoid bias against the surgery-only group owing to the inclusion of patients who were never considered for adjuvant therapy.
Outcomes the primary outcome of interest was long-term survival, defined as the time interval between diagnosis of colon cancer and death. secondary outcomes that were analyzed included trends in the usage of adjuvant chemotherapy among patients with t1n+ disease, estimation of independent predictors of not receiving chemotherapy, and a comparison of long-term survival in patients with t1n+ disease (with and without chemotherapy) with patients with t1n0 disease.
Statistical Methods
following stratification of t1n+ patients into those receiving adjuvant chemotherapy and those not receiving adjuvant chemotherapy, patient and tumor characteristics were compared by using the Kruskal-Wallis analysis of variance and Pearson χ 2 test for continuous and categorical variables. the Cochran-armitage trend test was used to determine if there were any significant changes in the use of adjuvant chemotherapy over time. to adjust for treatment bias due to measured confounders, propensity scores were developed that we defined as the conditional probability of a patient with t1n+ disease being treated with adjuvant chemotherapy. the clinically relevant variables that were used to calculate the propensity to receive chemotherapy were: age, sex, distance to hospital, Charlson comorbidity score, year of diagnosis, days from diagnosis to surgery, hospital length of stay after surgery, number of positive lymph nodes and nodes examined, surgical margins, tumor size, patient location (urban, metro, or rural), facility type (academic, comprehensive community, or community cancer center), insurance status, and average income and education level stratified by patient zip code. Patients were then matched on propensity score using a 1:1 nearest neighbor matching algorithm, and balance was assessed. missing data present in the propensity model were imputed by using the methods described by D'agostino and Rubin, 12 in which indicator variables were created for missing values. Characteristics were compared by using standardized differences. 13 long-term survival was estimated by using the Kaplan-meier method, with both unadjusted and propensity-adjusted survival between groups compared with the log-rank test. to examine the independent effect of adjuvant chemotherapy on long-term survival among our study population, a multivariable Cox proportional hazards model was developed.
model diagnostics and balance were assessed. a p value of <0.05 was considered statistically significant, and we controlled for type i error at the level of each comparison. missing data were handled with complete case analysis given the substantial completeness of the nCDB for the study population of interest. all statistical analyses were performed by using R version 3.0.2 (R foundation for statistical Computing, Vienna, austria).
RESULTS
using the aforementioned selection criteria, 36,468 patients with pathologic t1 disease were identified from 1998 to 2006. of these 8.6% (n = 3137) had lymph node involvement, of which more than two-thirds (n = 2215; 70.6%) received chemotherapy. examination of time trends of the use of chemotherapy indicated that a significant increase in use occurred from 1998 (<65%) to 2011 (almost 75%), with the largest increase in use occurring between 2001 and 2003 (p < 0.001). the highest rate of administration of adjuvant chemotherapy in t1n+ patients was just above 80% and most recently was closer to 75% ( fig. 1 ).
Before adjustment with propensity analysis, there were numerous differences between the groups including patients receiving chemotherapy being younger, having less comorbid disease burden, and being more likely to have private insurance. additionally, patients receiving chemotherapy were more likely to have a shorter postoperative length of stay and a decreased readmission rate as well (supplemental tables 1 and 2; http://links.lww.com/ DCR/a163 and http://links.lww.com/DCR/a164). Before adjustment, the patients who received chemotherapy had improved long-term survival compared with those who did not receive chemotherapy ( fig. 2a) . the 5-year survival with chemotherapy for t1n+ disease was 87.9% (median survival, 171.3 months), whereas only 63.0% of patients who did not receive chemotherapy survived for 5 years (median survival, 92.2 months).
following propensity matching, the groups were highly similar (tables 1 and 2). notably, the readmission rate following surgery remained higher in the nonchemotherapy group. five-year survival in the chemotherapy group was still significantly higher (83.4%; median survival, 144.9 months) with clear separation of Kaplan-meier survival curves ( fig. 2B) .
secondary analysis to identify risk factors associated with not getting chemotherapy identified only age (oR, 2.29 per increasing decade; p < 0.001) as being significantly associated with no chemotherapy for t1n+ disease. notably, insurance status, race, and increasing Charlson comorbidity scores were not independently associated with not getting chemotherapy (table 3). in addition, analysis comparing survival of t1n+ disease, with and without chemotherapy, revealed that patients receiving chemotherapy had a statistically significant higher long-term survival relative to t1n0 disease, with a Coxproportional hazard model identifying chemotherapy as beneficial to long-term survival in comparison with patients with t1n0 disease ( fig. 3 ; hR of death for t1n+ disease with chemotherapy, 0.79; p = 0.02).
DISCUSSION
our study demonstrates that the use of adjuvant chemotherapy for patients with t1n+ disease has increased since 1998 and appears to provide a significant survival advantage. additionally, it appears that patients with t1n+ disease who receive chemotherapy appear to have equivalent survival to patients with t1n0 disease. notably, a significant minority of patients with t1n+ disease did not receive adjuvant chemotherapy, even though they should according to the current national Comprehensive Cancer network guidelines.
14 Based on the results presented, it appears that increasing age is most likely associated with not receiving chemotherapy.
as previously stated, the standard of care for patients with lymph node involvement is adjuvant chemotherapy given its demonstrated survival advantage. the seminal trial by moertel et al 7 in 1990 demonstrated that there was a significant survival advantage in patients with nodal involvement who received adjuvant chemotherapy. additionally, oxaliplatin was demonstrated to provide an added benefit by the mosaiC trial in 2004 6 ; however, in both of these studies, patients with t1 disease were scarce or not included. t1 disease has been estimated to comprise a little over 10% of all colon cancers, 15 with approximately 3% to 17% of these patients having lymph node metastasis, 16, 17 but there is a paucity of data to drive treatment decisions regarding these patients. 18 as a result, other groups have attempted to examine these patients to gain a better understanding of the natural history of their disease. most efforts on this disease subset have focused on predictors of lymph node metastasis with lymphatic vessel invasion, histologic grade, inflammation around the tumor, as well as high-grade tumor budding being identified as independent predictors of lymph node involvement. 15, 16, 18, 19 however, given the relatively rare nature of this disease, there has been limited assessment of the survival in these patients particularly in the modern era. most studies are from single institutions and span long periods, thus limiting the generalizability specifically with regard to the use of modern chemotherapeutic regimens as well as institutional variability in care. 16 our data demonstrate that the survival advantage provided by adjuvant chemotherapy applies to patients with t1 disease. in the significant minority of patients not receiving adjuvant chemotherapy, there was a reduced 5-year overall survival (63.0% vs 83.4% for patients receiv- ing chemotherapy) as well as a significantly diminished median overall survival (92.2 months vs 144.9 months for patients receiving chemotherapy; p < 0.001). this is strikingly similar to the mosaiC trial, which demonstrated an overall mortality reduction of 16% at 6 years with adjuvant chemotherapy. 20 although other factors could have contributed to this mortality difference, our use of a propensity analysis helped to reduce bias, particularly with regard to patient age, tumor location, and tumor size. it was also interesting to note that the overall survival in patients with t1n+ disease who received chemotherapy had 5-year survival that appears to be at least equivalent to patients with t1n0 disease, even after adjustment with a Cox proportional hazards model. although the overall survival was higher in the t1n+ group than in the t1n0 group, this is probably the result of bias that we were unable to account for. however, these results further strengthen the importance of adjuvant chemotherapy in patients with t1n+ disease. further studies would be necessary to confirm that chemotherapy provides comparable survival to t1n0 disease, specifically examining disease-free interval and cancer-specific mortality.
Given this significant advantage, perhaps the most important aspect of our results is that approximately 25% of patients who have t1n+ disease do not receive adjuvant chemotherapy despite randomized evidence regarding adjuvant therapy being available for over 20 years, 7 and our data demonstrating a 5-year survival rate of nearly 90% with chemotherapy. although many factors appeared to be associated with not receiving chemotherapy before adjustment, only advancing age was identified to be an independent predictor of t1n+ patients not receiving adjuvant chemotherapy. notably, insurance status, race, center classification (academic or community), and Charlson comorbidity score were not associated with not receiving chemotherapy. other factors that might have been associated with the lack of receiving chemotherapy may have been the presence of postoperative complications; however, the nCDB does not offer data about postoperative complications, preventing proper adjustment for this risk factor. it is unclear if advanced age was identified as a risk factor for not receiving chemotherapy because of potential associated comorbidities that may prevent the administration of chemotherapy. however, there are data describing how elderly patients are less likely to receive chemotherapy, in general, and our results likely support these claims. 9, 21, 22 Whereas previous studies described a lack of benefit in chemotherapy in elderly patients, recent data have demonstrated that the benefit is not lost and that that elderly patients do not have a different response with regard to Days to surgery represents the number of days from diagnosis to definitive oncologic resection.
chemotherapeutic toxicity. 23 Given this disparity and the associated benefit of chemotherapy, surgeons and medical oncologists must ensure that elderly patients are aware of the implications of not receiving chemotherapy, such that elderly patients and their families can make informed decisions about the use of adjuvant chemotherapy.
similarly, although other factors were not identified to be independent predictors, given that approximately one-fourth of all t1n+ patients do not receive adjuvant chemotherapy, clinicians must focus on methods to ensure high access to this important therapy. one important barrier to receiving adjuvant chemotherapy is postoperative complications such as wound infections and anastomotic leak. 24 as previously mentioned, we were unable to adjust for this potential confounder; however, there was a higher readmission rate in the propensity-matched cohort of patients who did not receive chemotherapy. it is important to note, however, that we were unable to adjust for readmission rate in our propensity match because of the significant amount of missing data for this variable. another factor that clinicians must consider in the treatment of these patients is the optimization of patient health to allow these patients to receive postoperative chemotherapy. moreover, although not specifically examined here, minimally invasive options such as laparoscopic or robotic surgery may provide opportunities to improve the use of adjuvant chemotherapy. although neither distance to cancer center nor patient location (metro, urban, or rural) were identified as risk factors, they may still be contributing factors for a lack of chemotherapy in these patients. additionally, treating physicians must be sure to emphasize the drastic benefit that chemotherapy offers so that patients understand the consequences and decreased survival associated with not getting adjuvant chemotherapy.
LIMITATIONS
this study does have some notable limitations, primarily the fact that it is retrospective in nature. additionally, although the nCDB provides comprehensive cancerspecific variables, the lack of disease-free survival as well as cancer-specific survival prevents one from ensuring that the difference observed was solely based on oncologic outcomes. this may confound our interpretation of survival, because patients may have died of non-cancerrelated causes, specifically given their advanced age. as a result, the benefit of chemotherapy demonstrated may appear more pronounced than it actually is. however, we used a propensity match to minimize differences, and, following the match, the patient age in both groups was reasonably similar, as was Charlson comorbidity score, and hopefully this method minimized bias. another potential limitation of the study is that details specific to the surgery are not well described in the nCDB, and, thus, there may have been a group of patients who did not have chemotherapy owing to postoperative complications. We attempted to control for this by excluding any patient who died within 30 days of operation, but patients with wound infections or other complications could not be identified. however, all of these aforementioned factors may have contributed to selection bias, where the observed increase in survival in patients receiving chemotherapy may have been secondary to the selection of patients who were less sick than those who did not receive adjuvant chemotherapy. finally, it should be noted that the majority of the survival data came from 1998 to 2004, which was before the data on the use of oxaliplatin/5-fluorouracil/leucovorin (folfoX) became available, and this may have affected our findings on survival.
CONCLUSIONS
Patients with t1n+ colon cancer have a significant survival advantage when adjuvant chemotherapy is used; however, a significant minority of patients still does not receive adjuvant therapy. Clinicians treating these patients need to make every effort to ensure these patients receive this therapy.
